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1 Introduction 


He soft-set concept was developed by [1] as a com- 
si pletely new math tool for solving difficulty in 
dealing with uncertainty. Molodtsov[1] defined a soft 
set that is sub-set as a parameterized family of the set 
of the universe where each element is considered a set 
approximate elements of the soft set. In the past few 
years, the fundamentals of soft set theory have been 
studied by different researchers. Magi et al.[2] pre- 
sented a detailed theoretical study of soft sets, which 
includes subsets and super set of soft sets, equations 
of soft sets, operation soft sets such as unions, inter- 
sections, and more among others. 

He also studied and talked the main features of these 
operations. Pei and Miao [3] discussed the relation- 
ship between soft sets and information system. Ali 
et al.[4] introduced something new operations such 
as restricted union, restricted intersection, restricted 
spacing and extension discusses the intersection of 
two soft sets and their basics characteristics. A gen- 
tle development by Cagman and Enginoglu [5] in 
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matrix theory and successfully applied it to a de- 
cision making the problem. Babitha and Sunil [6] 
discussed the concept of soft-set relation and func- 
tion. Also, Many related concepts like equivalence 
soft, soft relationships, soft sets distribution, order- 
ing on soft sets. In the continuation of their work, 
Babita and Sunil [7] more introduced the work on 
soft set relation, anti-symmetric relation and transi- 
tive closure. A soft-set relationship was introduced 
by Yang and Guo [8]. Sezgin, A. and Atagun [9][, 
Ge and Yang [10]], Fu Li[11] et al. modified some 
of Maji’s et al. [2] work and also set some new re- 
sults. Sezgin and Atagun [9] also introduced a re- 
stricted symmetric difference of soft sets and exam- 
ples. Singh and Onyeozili [12] obtained some results 
with respect to distribution and absorption proper- 
ties with respect to different operations on soft sets. 
Singh and Onyeozili [12] also proved that the actions 
apply on soft sets is similar to actions on soft ma- 
trices. After that Florentin Smarandache a pioneer 
came 1 and introduced many results about hy- 
persoft . He opened many fields in this ie =| 
this paper, we discuss the fundamentals of hype 

set such as hypersoft subset, complement, not stan- 
dard aggregation operators. After that we discuss 
the hypersoft set relation, sub relation, complement 
relation, function, matrices and operations on hyper- 
soft matrices. The rest of this article is structured 
as follows: Section 2 gives some basic definitions and 


results on hypersoft sets. Section 3 discusses the var- 
ious works of relaxation in detail. Section 4 describes 
many hypersoft set properties without proof set op- 
eration. Section 5 focuses on hypersoft set relation- 
ships and functions. Final section 6 which consists 
of two the first sections talk about soft matrix and 
its basics The second section focuses on work their 
characteristics. 


2 Preliminaries 


2.1 Hypersoft set 


Let a 1,@2,43,°°- ,@, be the distinct attributes 
whose attribute values belongs to the sets 
Al, A2, A3,--- , An respectively, where A; A; = ¢ 
fori #Aj. A pair (®, E, *‘Eo* E3*---* E,) is called a 
hypersoft set over the universal set U, where ® is the 
mapping given by ®: Fy * Ey * E3*---* EH —> P(U) 


Example 1 Let U = {R,, Ro, R3, Ra, Rs} is univer- 
sal set, where Ri, R2,R3,R4,R5 represents the re- 
frigerator. Mr. xX, Mrs. X goes to market and 
wants to buy such refrigerator which is feasible and 
having more characteristics then that their expecta- 
tion level. Let ay= Size, ag=Pressure, ag= Freezing 
point, a4= Price, be the attributes whose attribute 
values belongs to the sets By, Bo, B3, By given as By= 
{small= e,,medium= e2, large= e3} Bo = {Low 
freezing point = e4} Bz = {High expection pressure 
= e5, Low condensing pressures = eg} Bs = {Low 
price =e7} and hypers soft set can be written as 


(®, A; * Ap * Ag * Ay) 
= {®(e1, 4, e5,€7), ®(e1, €4, €6, 7), 
®(e3, €4, C5, C7), B(es, e4, €6, €7) } 
= {{R,, Ro, Rs}, {Ri, Ro, Ra}, 
{R3, Rs}, {Ri, Re, R3}} 


2.2 Hypersoft subset 


Assume that (®, A, *A2*A3*---*A,) and (WV, By* Box 
Bz x--+* B,,) be the two hypersoft sets over the same 


universal sets U. (a) (®, Ay * Ag * A3*---* Ap) is the 
hypersoft subset of (WV, By * By* Bs *---* B,,) denoted 
(®, Ay * Agx Ag*---*A,) C (W, By * Box B3x---* By) 
if (i) Ay * Ap * Ag x--+* Ay C By * By * Bz x---* By 
and (ii) Ve € Ay* Ap * A3*---*A,,®(e) and U(e) are 
identical approximations. (b) (®, Ay *Ag*A3x---*An) 
is hypersoft equal set to (W, By * By * Bz *---* By) 
and it is denoted by (®, A; * Ag * A3 *-+-* An) = 
(W, By * Box B3*---*B,) if (®, Ay*Ag*Agx---* An) C 
(WV, By * Bo* B3x---*B,,) and (W, By, * By* B3x---*B,) 
C (@, Ay * Ap * Ag * +++ * An). 


Example 2 Let U = {R,, Ro, R3, Ra, Rs} is uni- 
versal set, where Ri, R2,R3,R4,Rs5 represents the 
refrigerator. Let aj= Size, ag=Pressure, a3= 
Freezing point, a4= Price, be the attributes whose 
attribute values belongs to the sets By, Bo, Bs, By 
given as By = {small= e1,medium= e2,large= e3} Bo 
= {Low freezing point = e4} 


Bz; ={High expectation pressure = es, Low 
condensing pressures = eo} By = {Low 
price =e7} (WV,B, * By *« Bz * By) = 


{W(e1, e4, €5, €7), U(e1, e4, eg, €7), U(es, e4, €5, €7), 
Wes, e4, eg, €7)} 
= {{ Ri, Ro, R3}, {Ri, Ro, Ra}, {R3, R3}, (Ri, Ro, R3}} 
and (®, Ay * Ao * A3 * A4) = 
{®(e1, e4, e5, €7), B(e1, €4, €6, €7), P(e3, e4, C5, C7) } 
= {{R,, Ro, + {Ro, Ry}, 3 {R,, Re, R3}} then 
(®, Ay * Ao * As * Ay) Cc (WU, By * Bo * Bs * Bg), 
since A, * Ag * A3 * Aq C By, * Bo * B3 * By 


2.3 Fuzzy hypersoft set 


Let F(U) be the set of all fuzzy subsets in the uni- 
versal set U, let Ey * Eo * E3 *---* E, be a set of 
parameters. A pair (®, Ey * Ey x E3 *---* E,) is 
called a fuzzy hypersoft set over U, where F is the 
mapping given by ® : Fy * Ey * E3 *---* E, — 
F(U) In general, ®(c) = {(x, ®(e)(x)/x € U} here 
e € Ey * Ey * E3 *---+* Ep. It is very convenient to 
see that every fuzzy hypersoft set can be seen as an 
(fuzzy) information system and it can be represented 
in an data table belonging to the unit interval [0, 1]. 


Example 3 Let U = {R1, Ro, Rs, Ra, Rs} is wniver- 
sal set , where R,, Ro, R3,R4,R5 represents refriger- 
ator, Let ay= Size, ag=Pressure, a3= Freezing point, 


a4= Price, be the attributes whose attribute values be- 
longs to the sets By, Bo, B3, By given as By = {small= 
€1,medium= e2, large= e3}, Bo = {Low freezing point 
= e4}, Bz = {High expectation pressure = e5, Low 
condensing pressures = eg}, By = {Low price =e7} 
®B, «BoxBs*By (e1, €4,€5, €7) = {0.5/ua, 0.9/ua}, 

© B, «B+ B3*By (e1, €4, €6, e7) =, 

© B, «Bo*BgxBy (€3, C4, €5, €7) 

= U, ®B,+B,«Bs*B, (€3, €4, €6; €7) 

= {0.2/u1,0.3/u3}, 

then the fuzzy hypersoft set ®p,.BoxBsxB, 1 writ- 
ten by 

OB, «Bo*B3*Ba = = {((€1, €4, €5, €7) = 
{0.5/u2, 0.9/u4}), ((e1, €4, €6, €7), ¢), 

((e3, €4, 5, €7), U), ((e3, 4, €6; €7) = 


{0.2/u1, 0.3/u3 })} 


Remark 4 One can easily notice that from the def- 
inition of hypersoft fuzzy set is the mapping $F : 
Ey * Ep * Ez *---* Ey, —> P(U)$ , which is binary 
relation between universal set and the set of param- 
eters $E, * Ey * E3 *--- * E,$ that is $V hj € U, 
e; € Ey, * Ey * Hy x +--+ * E,$ and $F(e;)(hi) = 
F (Fy * Ey * Hs *--+* E,)$ 


2.4 Not Hypersoft 


Let A; * Ap * Ag *-+-* Ay be a set of parameters and 
not set is denoted by — A, * Ag * Ag *--- * An 


Example 5 If 


(Ay * Ag * A3 * A4) 
= {(e1, 4, €5, €7), (€1, €4, €6, €7); 
(e2, €4,€5, e7), (ea, €4, €6, e7), 


(€3, €4, €5, €7), (€3, €4, €6, €7) } 
and not set can be written as 
— (A, * Ag * Ag * Ay) 
= {= (€1, €4, €5,€7), 7 (€1, €4, €6, €7), 


ane (€2, €4, €5, €7), 7 (€2, €4, €6, €7), 


ae (€3, €4, €5,€7), 7 (e3, €4, €6, €7)} 


2.5 Complement of hypersoft set 


If (®, Ay * Ap * A3 *---* A,,) be the hypersoft set and 
complement is denoted by (®, A; * Ag * A3 *---* An)* 
and it is defined in such a way that (®, A; * Ag * A3 * 
+++ Ay )© = (®°, — A; * Ag * Ag x---* Ap), where ©: 
Ay, *A9*A3x*-+-*Ap, —> P(U) bea mapping as follows 
®°(a) =U—-®(- a) , Va € Ay * Ag * Ag #-+- Ay 


Example 6 Let U = {R,, Ro, R3, Ra, Rs} is univer- 
sal set and A, x Ag * A3 * Ag be the set of parameters. 
Now we defined the hypersoft set on it 


(®, Ay * Ag * Ag * Ag) 

= {((e1,e4,e5,e7), {R1, R2}), ((es, e4, es, €7), 
{Ri, Rs, Rs}), ((es, e4; €6, €7), 
{R3, Ra})} 


then complement of it is 


(®, Ay * Ap * As x Ay)® 
= {(— (e1,€4, 5,7), {Ri, Ro}), 
( — (es, e4,e5,e7), {Ri, Rs, Rs}), (— (es, €4, €6, €7), 
{R3, Ra})} 


2.6 Relative Complement of hyper- 


soft 


If (@, A; * Ag * Ag *--- * A,) be the hypersoft set 
and relative complement is denoted by (®, A; * Ag * 
Ag * +++ %* Ap)” = (©, Ay * Ap * Ag x +++ * An), 
where ® : A; * Ap * A3 *--- * An —> P(U) bea 
mapping as follows ®"(a) = U— ®(7 a) ,Vaaeé 
Aj * Ag * Az *-++* An 


Example 7 Let U = {R,, Ro, Rs, Ra, Rs} is wniver- 
sal set and A, * Ag * A3* Ag be the set of parameters. 
Now we defined the hypersoft set on it 


(®, Ay * Ao * A3 * A4) 
— {((e1, €4, €5, €7), {R1; Ro}), ((e3, €4, €5, €7) 
,{R1, R3, Rs}), ((e3, €4, €6, €7), {R3, Ra})} 


then relative complement of it is 


(®, Ay * Ag * Ag * Aq)” 

= {((e1, €4,€5,€7), {Rs, Ra, Rs}), 
((e3, €4, 5, €7), {Ro, Ra}), 
((€3, €4, €6, €7), { Ri, Ro, R5})} 


Proposition 8 Assume that If (®, Ai * Ap * A3*-+-* 
A,,) be the hypersoft set over the universe U. Then 


1. ((®, Ay * Ag * Ag * +++ * An)°)® = (®, Ay * Ad * 


2. ((®, Ay * Ag * Ag * +++ * Ay)")” = (®, Ay * Ap * 


c = é _ 
3. Ep ary ee ene ye Ry ag eee = 
Tr 
Ui wheg Bee SUA. 
c c = 
. pAttAandaetAn = UA wAgn Age tA, = 
Ay, *Ag* Ag *#An 


2.7 Aggregation operator of hypersoft 
sets 


Union of hypersoft sets 
Assume that (®, A, * Ap * As *--- * A,) and 
(W, By * By *« Bs *--- * B,) be the two hypersoft 
sets over the same universal sets U, then union be- 
tween them is denoted by (®, A; * Ag * Ag *--- * 
A,,) U (W, By * By « Bz *--- * B,) is hypersoft set 
(F,C), where C = (A, * Ap * Ag * +++ * An) U 
(B, « By * Bz *---* Bn) and Ve € C Fle) = 
®(e), if e € (Ay * Ag * Ag x +++ * Ay)— 
(B, * By * Bz *---* By) 
Wie), ife € (By * By x Bg *--- * By)— 
(A, * Ag * Ag * +++ * An) 
@(e) U W(e), if (A, * Ag * Ag *- ++ * A,)O 
(By * By * Bz *---* By) 


Example 9 Let U = {R,, Ro, R3, Ra, Rs} is univer- 
sal set and A, * Ag * A3* Aq and B, * By * B3* By be 
the set of parameters. Now we defined the hypersoft 


sets on it, 
(®, Ay * Ao * A3 * A4) 
= {((e1, €4, €5, €7), {R1; Ro}), 
((€3, €4, €5, €7), { Ri, R3, Rs}), 
((e3, €4, €6, €7), { R3, Ra})} 
and 


(WU, By ok Bo * Bz * B,) 
= {((e1, €4, €6, €7), { Ra, Rs}), 
((e3, €4,€5, €7), {P2, Rs })} 


Then union between them is given as follows 


(®, Ay * Ao * Ag * Aq) U (Ww, By * Bo * Bz * By) 
= {((e1, €4, €5, €7), {R1; Ro}), ((es, €4, €5, €7); 
{Fi, Ro, Rs, Rs}), ((es, e4, €6, €7), 
{R3, R4}), ((ea5 €4, €6, e7), {Ra, Rs})} 
Intersection of hypersoft sets 
Assume that (®, A; * Ag x A3*---*A,,) and (WV, By « 
Bp * Bz *---* B,) be the two hypersoft sets over 
the same universal sets U, then intersection between 
them is denoted by (®, A; * Ag * Ag * +++ * An) N 
(WV, By * Box B3x---*B,) is hypersoft set (FC), where 
C = (A, * Ag* Ag +++ * An) (By * Bo * B3*-++* By) 
and V e € C, F(e) = ®(e)N Ve) 


Example 10 Let U = {R,, Ro, Rs, Ra, Rs} is uni- 
versal set and A; * Ap * A3 * Aq and B, * Bo * B3* By 
be the set of parameters. Now we defined the hyper- 
soft sets on it, 


(®, Ay * Ao * As * A) 


= {((e1, €4,€5, €7), {Ri; R2}) 
, ((€3, €4, €5, €7), {R1, Rg, Rs}), 
((e3, €4, €6, €7), {Rs, Ra})} 


and 
(WU, By * Bg * Bg * B4) 


= {((€1,€4, €6, €7), {Ra, Rs}), 
((es, €4,€5, eu) {Ra, Rs})} 


Then intersection between them is given as follows 


(®, Ay * Ao * Az * A4)M (W, By * Bo * Bz * By) 
1 {((€3, €4, €5, €7), {R3})} 


2.8 Hypersoft Set Relation and Func- 
tion 


Cartesian Product of hypersoft sets 

Assume that (®, A; x A2* A3*---*A,) and (WV, By * 
Bo x Bz x---* B,) be the two hypersoft sets over the 
same universal sets U. Then the Cartesian product 
is denoted by (®, Ay * Ag * Ag *--- * Ay) * (WU, By * 
Bo * Bz *--- * B,) is hypersoft set (F,(A1 * Ao * 
A3 *--+ * Ay) * (By * Bo * Bz *---* B,)), where F : 
(Ay * Ap * Ag x +++ * An) (By * Bg * Bz x -+-* By) 
— P(U*U) and F(a; y) = ®(2)*V(y) , Vay) € 
(Ay * Ap * Ag * +++ * Ay) * (By * Bo * Bg x +--+ * By) 
P(x;y) = f(hi, ky) : hi € F(a) and ky € F(y) 

Hypersoft Set Relation 

(®, A, * Ap x A3x---*A,) and (W, By * Box Bz x--+* 
B,,) be the two hypersoft sets over the same universal 
sets U. Then the relation from (®, A,*A2*A3*---*An) 
to (WV, By * By x Bs x---* B,) is called a hypersoft set 
relation (R,C) or it is in simple way R is a hypersoft 
subset and it is denoted by (®, A, * Az * A3*---* Ay) * 
(W, By * Bo * Bz *---* B,), where C C (Ay * Ap * Ag * 
-++ Ay) * (By * Bg x Bz x---* By) and V (x,y) € C 
R(a,y) = H(2,y), where x = (a1, a2, 43,--- ,@,) and 
Y= (b1, ba, b3, stats On) and (A, (A, *Ag* A3*: : +k Ay) * 
(By, * Bo x Bz *--+-* By)) = (®, Ay * Ag * Ag *+ ++ * An) * 
(W, By * By * Bs *---* B,) A hypersoft set relation 
on (®, A; * Ag x Ag *---* A,) is a hypersoft subset of 
.(®, Ay *Ag*Agx---*Ap)* (®, Ay*Ag*Agx---*A,). In 
similar way, the parameterized form of relation R on 
the hypersoft set (F, A, * Ap * A3*---* A,,) is defined 
as follows. If (®, A; *A2*A3x*---*A,) = {®(a), B(d)}, 
then ®(a)R®(b) = G(a)* O(b) ER 

Domain, Range and Inverse of Hypersoft 
Set 

Let R be the hypersoft set relation from (®, A; * 
Ap*A3x*---*A,) to (V, By * Box B3x*---*B,,) such that 
(®, Ay * Ag * Ag *-+-* Ap) * (W, By * Bo * Bz x-+--* By) 
= (P, (A, * Ap * Ag *+ ++ * An) * (By * Bo * B3*-+-* By)) 
then (a) The domain of R(dom R) is the hypersoft set 
(D, Cy * Co * C3 *- -+*«C,) Cc (®, Ay * Ag* Agx-- -*A,) 


where C1 *C2*C3x*---*C, = F (x,y) € R for some x € 
A; *Ag*Agx-+-*A, and y € (W, By * Box B3x---* By) 
and D(a) = ®(a,) Vay € Ay * Ag * Ag * +++ * Ay (b) 
The range of R(ran R) is the hypersoft set (D, X1 * 
Xo * X3*%--+* X,) C By, * By * Bz *--- * By where 
X1 * X_* X3 *--+* X, = A(a,y) € R for some x € 
Ay* Ag*A3x*---*A, and y € By * By* B3*---* By, and 
E(b1) = G(a1) Vb, € X1 * Xo * X3%*++-*Xy (c) The 
inverse of R denoted by R~! is a hypersoft set relation 
from (W, By * By* Bsx---*B,) to (®, Ay * Ag* Ag x: ++ * 
An) defined by R- = {(W(y), ®(a)) : Oe) RV(y)} 


2.8.1 Sub relation 


Let R,, Ro be two hypersoft relations on a hypersoft 
set (®, AyxAg*A3x---*A,), Ri CR,Va2,y € Aix Agx 
Az *-+-* Ap, ®(x) x O(y) © Ry = > G(x) * B(y) € Ro 
Complement of Relation 
Let R, be a hypersoft relations on a hypersoft set 
(®, Ay * Ap * Az *---* Ay), then complement of R, is 
Ri, is defined ask, = {®(x)*®(y) : O(a) *®(y) ¢ Ry} 


Example 11 Let U denotes the washing 
machineU ={w1,wWe,w3,wa} , let ay = Size, 
a2= color, a3 = country made , be the attributes 


whose attribute values belongs to Ay = {Small 
=e,, Medium = e2, Large = e3}, Ao = {White 
= e4, Yellow= es}, and A3 = {Pakistan = e, 


Japan =e7} respectively. Then the hypersoft set 
is given by (®, A, * Ap * As) = {®(e1,€4,e6) = 
{w 1, we}, ®(e2,e4,e7) = {w1, wa}, (e3,e5,e5) = 
{w2,w3}} , let b} = Services, bg =vacuum sys- 
tem, be the attributes whose attribute values 
belongs to B, ={ Self services system=  e}, 
Water recycling = e5$, and By ={ Excel- 
lent vacuum system == e5, Self service= ej} 
respectively. Then the hypersoft set is given 
(WU, By * Bz) ={ P(e}, €3) = {w1, w2, w3}, B(e}, e4) 7 
{we, w3, wa}, P(e), €5) = (wo, w3}}, if we want to de- 
fine a relation R from (®, A, * Ag* Ag) to (W, By * Bo) 
in such a way ®(x)R®&(y) if B(x) C By) then (a) 
R= {®(e1, €4, 6) * B(e4, €5), B(e3, es, €g) * P(e, €3) } 
(b) Dom R = (D,C1 *k Co k C3) ed 
{{(e1, e4, €6), (e3,€5,e6)} GC Ay * Ag * Az} and 
D(a) = ®(a),Va € A, * Ap * Ag (c) Ran R = 
(E,X1* Xp) = {{(e,e4), (chses)} © Bi * Bo} 


and E(b) = W(b),Vb € X1* X (d)R'= 
{We}, 3) * ®(e1, 4, e6), U(es, 3) * P(es, es, €6)} 


2.9 Hypersoft function 


Let (®, A, * Ag * Ag * +++ * Ap) and (W, By * Bo * 
B3x*--+* B,,) be the two hypersoft sets over the same 
universal sets U. Then the hypersoft relation from 
(®, Ay * Ag* A3x-+-*A,) to (VW, By * By * By x---* By) 
defined as h : (®, Ay * Ap * Az *---* A,) —> (WU, By * 
By * B3*---* B,) is called a hypersoft set function. If 
every element of domain has unique element in range 
of h. If it is closed ®(a)hW(y) i.e ®(x) * U(y) € h for 
x € AyxAg*Agx---* A, and y € By, * Box B3*---* By 
then we can represent it in the form h(®(x)) =.U(y) 


Example 12 From the previous example the hyper- 
soft function over the universe U is given by 


(i) h = {®(e1)-Y(e1), P(e2)-Y(e1), (es), U(ed)} 
(ii) h = {®(€2).W(e9), O(e3) W(e)} 


but {®(e1).W(e4), B(e1).W(e5), B(e2), V(es)} is not 
function 

One-One, Onto, Bijection 

A function from (®, A; *A29*A3x---*A,) to (W, Bix 
By * Bz *--- * B,) is said to be (i) Injective(One 
to one), O(x) # Gly) => A(®(x)) # h(G(y)) (i) 
Surjective(On to), If range h = (W, By * By x B3x*---* 
B,) (iii) Bijective, If h is both one-one and onto. 


Example 13 From the previous example (i) is on to 
but (it) is not onto 


2.10 Identity hypersoft function 


The identity hype soft function J on a hypersoft set 
(®, A, * Ag x A3 *---* Ay) is defined as I: (®, Ay * 
Ag * Ag *++-* An) —> (®, A, * Ag * Ag *-++* A,) such 
that [(®(a)) = ®(a), V a € (®, Ay * Ap * Ag *-++* An) 
where a € Aj * Ap * Ag *-+-* An 


2.11 Hypersoft Matrices 


Let U be universe of discourse, let a1, @2, 43, ...,@n be 
the attributes whose corresponding attribute values 
belongs the set FE), Eo, E3,...,E, respectively. Let 


Ay * Ag * Ag *-++* An C E, *« Eo * Ezy * +--+ * Ey 
and (® 4,44 9*Age-*A,, £1 * Eg * Ez *--+* Ey) be the 
hypersoft set over the universal set U. Then a rela- 
tion R4,*AoxAgx--xA, Of U *(By * Ey * Bz *-+++ * En 
) is defined as below Ry,«A.xAgx--*A, = {(u,e) 1 € 
€ Ay * Ag * Agx-+-* An, UE faswAoxAgx---xA, (€). The 
characteristic function of R4,«Aj*A3+*--«A, 18 defined 
aS, CA; *AgwAge-xA, 1 U *Ay*Ap*A3x---*A, —> [0,1] 


me={} 


Then a hypersoft set (®4,+45«A3«---*A,» H1 * Bo * Es * 
--.* F,) can be represented unique in the form of 
matrix and its is denoted by[zij|mxn 


(u, e) € RA, *Ag%A3%-*An 
(u, e) ¢ RAs Agx Agee An 


(1) 


v1l1 12 xin 

x21 £22 x2n 
[ij ]moxn = , ' 

x,ml xm2 xamn 


where 4; = CA,*AgxAgx---*An (Ui, €j),€7 € Ar * Ao * 
A3 Kk An 


Example 14 From the previous example, if we take 
Aj * Aj * AZ C Ay * Ao * Ag then the hypersoft set is 
given as follows (faxes Al * Ao * As) (®, Ai * 
Ag * As) = {®(e1, e4,e6) = {wi, wo}, B(e1, e4,e7) = 
{w1, wa}, ®(e3, €4,e6) = {we, ws}, ®(e3, e4,e7) = O} 
The relation of (®,A, * Ag * As) is given by 
Raya AsuAl, = {(e1,¢e4,e6) = {wi}, (e1,€4,e6) = 
{wo} =  (€1,e4,e7) = {wi}, (e1,e4,e7) = 
{wa}, ®(e3,e4,e6) = {we}, ®(es,e4,e6) = {ws} 

We can write hypersoft matriz as follows [xij] = 


(€1,€4,€6) (€1,€4,€7) (€3,€4,€6) (€3, €4, €7) 
Wy 1 1 0 0 
We 1 0 1 0 
W3 0 0 1 0 
W4 0 1 0 0 


2.12 Special hypersoft Matrices 


Let the set of all hypersoft matrices over the univer- 
sal set of discourse U be denoted HSM(U)m x n or 
just (H@SM(U). Suppose [x;;] © HSM(U). Then 
[z;j] is called (a) A zero hypersoft matrix denoted 


by [0], if [zij] = 0 Vi and j. (b) An A universal hy- 
persoft matrix denoted by [x,,;] , if [wij] = 1, V7 € 
TAyw Age Age--*An = {J ej € Ar * Ap * Ag +++ * An. 
It is noted that it is occur only for the parame- 
ter appearing in the set A, * Ag * A3 *---* Ay C 
Ey * Ey * Ey *---* E, , and it is denoted by [J], if 
[x4] = 1,Vi and J. 


Example 15 From the previous example, let [xij] , 

[wis], leg] € HSM(U)axa (4) 
CAy* Age Ag (€1; €4,€6) = 
CA1*Aa*Ag (en, €4, €7) =¢ 

CAp*An%As (es, €4, a) =¢ 


, then [x,;| is the zero hypersoft set matrix given by 


[0] 


lI 
ocoooo 
ooocoo 
oooo 


If Cy * Cp * C3 C Al x AG * AZ as Cl * Co * C3 
= {{(€1, €4; €6), (€1, €4, €7)} , CC, *C'n*Cz (€1, €4, €6) a 
6oyaCy#Cs (€1, €4,€7) =U 


1 
1 
iL 
il 


a 
OVO S31 
SS 2S 


(itt) If C = Ay * Ag * Ag, Coy%Oy%O3(€:) = U for each 
iwhere e; € A, * Ag * Az, then [z;;] = [I] is the uni- 
versal hypersoft matria given by 


— 
II 
aa 
eee 
ae 
aa 


2.13 Hypersoft Sub Matrices 


Let P = [r55],Q = [yas] E HSM(U). Then (i) We 
call P is hypersoft matrix of Q, denoted byP C Q if 
ij < yj for each iand j. In this case, we also say 
that P is dominated by Q. On the other hand one 
can say that @ dominates P. Now we define P and Q 


are comparable and it is denoted by P//Q iff PC Q 
or Q C P (ii) P is proper hypersoft sub matrix of Q if 
[vj] C [ys] and for at least one term x4; < y;; for all 
iz and j. In this case, we call P is properly dominated 
by Q. (iii) P is strictly proper hypersoft sub matrix of 
Q and it is denoted by P & Q, if P C Q and for each 
i and j. In this case, we call P is strictly dominated 
by Q. (iv) If P and Q are said to be hypersoft equal 
matrices if x; = yj and it is denoted by P = Q 
for each 7 and jand it is equivalent to P C QandQ 
e P, then P = Q It is prompted to observe thatC 
is a partial ordering (reflexive, Anti symmetric, and 
transitive) on the class of hypersoft matrices. 


2.14 Operations on Hypersoft Matri- 
ces 


Now we are going to discuss the concept of union, 
intersection, complement, difference and product of 
hypersoft matrices and their fundamental features. 
Let P = [a,j], Q = [yj] € HSM(V) is called the (i) 
Union of P and @ denoted by PUQ if x; = max 
{%i;, yi; } for all ¢ and j. (ii) And intersection of two 
hypersoft set is denoted by PM Q, where z;; = min 
{%ij,Yij} for all i and j and it is called disjoint if 
PQ = ¢ (iii) Complement of P is denoted by P*, 
if z;; = 1— a; for alli and j. (iv) Difference b/w 
P and Q is denoted by P/Q or P — Q which is also 
called relative complement of Q in P. 


Example 16 Let 


1 0 0 
P={,0 11 
1 0 0 
and 
101 
Q={ 0 1 0 
1 1 0 
then 
(i) 
101 
PUQ@={0 11 
1 1 0 


(ii) 


PNQ= 


FOr 
Oro 
ooo 


(iii) 


R= 


(iv) 


(v) 


v 

| 
ce) 

lI 
oo 
oo 
Or 


(vi) 
001 
O= P= | 0 02-0 
0 1 0 


Characteristics of hypersoft Matrix Opera- 
tions 
(i) PUP = P ,PQP = P(Idempotent law) (ii) PUd = 
P, POU = P (Identity law) 


2.14.1 Product of hypersoft set 


Let P = [i;],Q = [yas] and R = [zen] € 
HSM(U)mxn (i) And product is the function that 
maps element from HSM(U)mxn X HSM(U)mxn 
to the set HSM(U)(m n)2 that in such a way that 
[zig]|Alyix] = [Zier] , where zr = min{z;;, yi} and 
r = n(j-1) + & (ii) OR product of P and Q is the 
function between HSM(U) myn X HSM(U)m xn to 
the set HSM(U)m xn matrix and it is denoted by 
P\V/Q. It can be represented in such a way that 
[tig] [yix] = [zir] , where z;- = max{xi;,yi;} and 
r = n(j-1) + & (iii) And Not product of P and Q is 
the function between HSM(U) myn X HSM(U)mxn 


to the set HSM) (mxn) matrix and it is denoted that De Morgan laws are valid 


[vig] Alyix] = [zir],where z;- = min{x,;;,1— y,;} and 
r = n(j-1) + k (iv) OR Not product of P and 
Q, denoted by P\/Q is defined by HSM(U)mxn X 
HSM(U) mxn — HSM(U)m xn in such a way that 
[xij] V[yix] = [zr] where z;p = max{zx,;,1—yij} and 
r=n(j-l) +k 


Remark 17 If the two matrices have same order 
then the product hold. 


2.15 Features of Hypersoft Matrices 


Let P= [xi3],Q = [yas] E HSM(U) mxn- Then the 
following features hold 
i (PVQ)’ = P°AQ?, (PAQ)° = P°V "(De Mor- 
gan law) 
i _ 7 7 

(PVQ)*° = P°AQ’ , (PAQ)* = P*°VQ"(De Mor- 
gan law) This can be proved easily by using defini- 
tion. 


2.15.1 Example 


Suppose P = [z;,],Q = [yj] © HSM(U)3x3, given 
1 0 0 1 0 1 
by P=! 0 1 0 andQ={ 0 0 1 
1 0 0 011 
PAQ. = [ryl Alyx) =  [irlax9 = 
101 0 0 0 0 0 0 
000 0 0 1 0 0 0 
0110 0 0 0 0 0 
0 11 0 1 0 
Pe = 1 01 and Q° = 1 1 0 
0 11 1 0 0 
010311 1d1éd1é41 
PROV LC 2 e-POD aA 
001111141 
and P°VQe = 
0 101%1i1d1d41é41 
111 %1%10d1édi1éi which shows 
10011 1 1éidi1éi4i1 


for product of 


by PAQ. It can be represented in such a way that hypersoft matrix. 


3 Conclusions 


In this paper, we have discussed the fundamentals 
of hypersoft set such as hypersoft subset, comple- 
ment, not set and aggregation operators. After that 
we have discussed the hypersoft set relation, sub rela- 
tion, complement relation, function, matrices and op- 
erations on hypersoft matrices. In this study, we also 
observed that some properties of classical sets do not 
hold for hypersoft set operations. This results will be 
very fruitful for future experts to enhance the work 
for fuzzy hypersoft set, intuitionistic fuzzy hypersoft 
set, neutrosophic fuzzy hypersoft set, Plithogenic hy- 
persoft set and hypersoft multi sets among others. 
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